The values of ultrasonic velocity (u), density (), and viscosity () have been measured experimentally in the binary liquid mixture containing 1-butanol and hexane over the entire range of composition at different temperatures 313.15 K, 318.15 K and 323.15 K. This experimental data have been used to calculate the acoustical parameters such as adiabatic compressibility (), free length (L f ), molar volume (V m ) and acoustic impedance(z). The results have been qualitatively used to explain the molecular interactions between the components of the liquid mixture.
INTRODUCTION
Ultrasonic investigations find extensive application in characterizing physico-chemical behaviour of liquid mixtures. The compositional dependence of thermodynamic properties has proved to be a very useful tool in understanding the nature of molecular interactions [1, 2] . The non-ideal behaviour has been studied by several research scholars [3] [4] [5] . Compressibility and viscosity are the static and transport properties of liquid respectively and are the most important amongst properties of liquid. The study of molecular interactions in the liquid mixtures is of considerable in the elucidation of the structural properties of the molecules. The intermolecular interactions influence the structural arrangement along with the shape of the molecules. In the recent years, ultrasonic technique has been found to be one of the most powerful technique for studying the nature of molecular interactions in liquid mixtures.
Acoustical parameters are used to understand different kinds of association, the molecular packing, molecular motion, physico-chemical behaviour and various types of intermolecular interactions and their strengths, influenced by the size in pure components and in the mixtures. As a part of today's progressive and ongoing research [6, 7] on thermodynamic and acoustic properties of binary liquid mixtures, we report here the results of study on binary mixture of 1-butanol and hexane over the entire range of composition at T = 313.15 K, 318.15 K and 323.15 K. With the help of experimentally measured values like ultrasonic velocity (u), density () and viscosity (), acoustical parameters such as adiabatic compressibility (), free length (L f ), molar volume (V m ) and acoustic impedance(z) have been estimated using standard relations.
MATERIALS AND METHODS
The chemicals used were of AR grade and are all were purified by standard procedure [8] . Job's method of continuous variation was used to prepare the mixtures of required proportions. The various concentrations are prepared by varying mole fractions. The prepared mixtures were preserved in well-Stoppard conical flasks. After mixing the liquids thoroughly, the flasks were left undisturbed to allow them to attain thermal equilibrium. The ultrasonic velocities were measured by using single crystal ultrasonic pulse echo interferometer( Mittal enterprises, India; Model: F-80X). It consists of a high frequency generator and a measuring cell. The measurements of ultrasonic velocities were made at a fixed frequency of 3 MHz. The capacity of the measuring cell is 12ml. The ultrasonic velocity has an accuracy of ±0.5 m·s -1 . The temperature was controlled by circulating water around the liquid cell from thermostatically controlled constant temperature water bath (accuracy ±0.01 K). The densities of pure liquids and liquid mixtures were measured by using a specific gravity bottle with an accuracy of ±0.5 %. An electronic balance (Shimadzu AUY220, Japan), with a precision of ±0.1 mg was used for the mass measurements. Averages of 4 to 5 measurements were taken for each sample. Viscosities were measured at the desired temperature using Ostwald's viscometer, which was calibrated using water and benzene. The flow time has been measured after the attainment of bath temperature by each mixture. The flow measurements were made with an electronic stopwatch with a precision of 0.01 s. The viscosities , were obtained from the following relation:
where k,  and t, are viscometric constant, density of liquid and time of efflux for a constant volume of liquid respectively. For all pure compounds and mixtures, 4 to 5 measurements were performed and the average of these values was used in all calculations. The values are accurate to ±0.001 cP.
THEORY
From the experimental data of density, viscosity and ultrasonic velocity, various acoustical parameters are evaluated using the standard relations. The values of adiabatic compressibility () can be calculated by the following relation:
where p is the density of the mixture and u is the ultrasonic velocity. The values of free length (L f ) can be calculated by the following relation (4) where M eff is the effective mass of the liquid mixtures.
The values of acoustic impedance (Z) can be calculated by the following relation Acoustic impedance Z = u x p --- (5) where u is ultrasonic velocity and p is density. The experimentally measured values of pure components are compared with the literature [9] [10] [11] [12] [14] [15] [16] [17] values and are given in (Table 1) . 
RESULTS AND DISCUSSION
Ultrasonic velocity, density and viscosity were measured at fixed frequency for the binary liquid mixture over the entire range of composition at different temperatures 313.15 K, 318.15 K and 323.15 K are presented in Table 2 . From Table 2 it is observed that the ultrasonic velocity increases with increase in mole fraction of 1-butanol. This may be due to association of a very strong dipole-induced dipole interaction between the component molecules. The calculated thermoacoustical parameters such as adiabatic compressibility (), free length (L f ), molar volume (V m ) and acoustic impedance (z) and their variations are given in Table 3 . Adiabatic compressibility is a measure of intermolecular association or dissociation or repulsion. It is independent of temperature and pressure for unassociated and weakly associated molecules. It also determines the orientation of the solvent molecules around the liquid molecules. The structural arrangement of the molecule affects the adiabatic compressibility. From Table 3 and it is observed that adiabatic compressibility decreases with increase in mole fraction of 1-butanol in the mixture taken up for study. As adiabatic compressibility is inversely proportional to ultrasonic velocity, since ultrasonic velocity increases with mole fraction, so that adiabatic compressibility decreases with mole fraction of 1-butanol. The free length is the distance between the surfaces of the neighbouring molecules. Generally, when the ultrasonic velocity increases, the value of the free length decreases. The observed increase in ultrasonic velocity and corresponding decrease in free length with mole fraction of 1-butanol in the binary liquid mixture is in accordance with the proposed by theory [13] . From Table 3 , it is studied that the values of adiabatic compressibility and free length increases with increase in temperatures, it clearly reveals that interaction become stronger at lower temperatures. Similar variations are observed in case of molar volume given in Table 3 . Also it is observed from Table 3 , that acoustic impedance increases with increase in mole fraction of 1-butanol.
CONCLUSION
Ultrasonic velocity, density and viscosity values are measured experimentally. By using these values various acoustical parameters like adiabatic compressibility (), free length (L f ), molar volume (V m ) and acoustic impedance (z) are calculated by using standard relations. It is very obvious from values of ultrasonic velocity, density, viscosity and calculated acoustical parameter of the binary liquid mixture containing 1-butanol and hexane at 298.15 K, 303.15 K and 308.15 K that there exists a strong molecular association between the components of the liquid mixture.
